Introduction
Human nasopharyngeal carcinoma (NPC) is a squamous cell carcinoma originated from the human nasopharyngeal mucosal epithelium. 1, 2 NPC is common in southern China (mainly in Guangdong province) with an incidence rate of about 20 per 100,000 people each year. 1, 2 Unfortunately, the majority of NPC patients tend to present with more advanced disease when first diagnosed because of its deep location and vague symptoms. 1, 2 As such, the local invasion and early distant metastases are often present at initial diagnosis, thereby leading to a poor prognosis in the patients with NPC. 1, 2 Thus, the better understanding of the cellular and molecular mechanisms involved in the NPC pathogenesis is essential for early diagnosis, prognostic prediction and the development of novel therapeutic strategies for NPC patients.
Cold-inducible RNA-binding protein (Cirbp, also known as A18 hnRNP or CIRP) is a member of the cold shock protein family and a general stress-response protein that is induced by varieties of cellular stresses, such as UV irradiation, hypoxia, heat shock and cold treatment. [3] [4] [5] [6] [7] Cirbp is ubiquitously expressed in wide variety of tissues and cells of human and mice, including brain, lung, heart, kidney, retina, testis, liver, ovary, lymphocytes and endometrium, while Cirbp is mainly localized in the nucleus, but can translocate from the nucleus into the cytosol under stress conditions. 3, 4, [6] [7] [8] Cirbp exerts its function either through its RNA-binding activity by binding its target genes intracellularly or acts as a secreted damage-associated molecular pattern triggering inflammatory response extracellularly. 3, 4, [6] [7] [8] Through the regulation of its targets,
Cirbp has been implicated in diverse physiological and pathological processes, including cell proliferation and differentiation, cell senescence, cell survival and apoptosis, oxidative stress, DNA damage and repair, immune and inflammatory responses, telomere maintenance, circadian rhythm, spermatogenesis, tumor formation and progression, etc. 3, 4, [6] [7] [8] Recent study reported that PARP-1-dependent recruitment of Cirbp promotes double-strand break repair and genome stability. 3 In summary, Cirbp is a highly conserved multifunctional protein in vertebrates and expressed in various cells and participates in various physiological and pathological processes in vivo. A better understanding of the detailed mechanisms of Cirbp upregulated expression and translocation still needs to be further studied. Cirbp plays a divergent role in various cancers, depending on different cell context. Evidences from these studies in rectal carcinoma, endometrial carcinoma and ovarian tumor showed that Cirbp functions as a tumor suppressor, whereas Cirbp exerts its pro-tumorigenic influences on melanoma, breast cancer, colorectal cancer, prostate cancer, central-nervous-system-related tumor, liver-pancreas carcinomas, skin squamous cell carcinoma, bladder cancer and pituitary corticotroph adenoma, [3] [4] [5] [6] [7] [8] suggesting that Cirbp has context-dependent oncogenic and tumor suppressor functions in cancer progression. However, the involvement of Cirbp in NPC progression has not yet been investigated. To dissect the functions of Cirbp in NPC pathogenesis, the purpose of this study is to investigate the expression profile of Cirbp in human NPC clinical tissue biopsies, and subsequently analyze the potential associations of this protein expression levels with clinicopathological features, prognosis and overall survival in NPC patients.
Materials and methods

Cell lines and cell culture
Human NPC cell lines (ie, CNE1, CNE2, SUNE1, HONE1, HONE1-EBV, S18, S26 and 5-8F) and human immortalized nasopharyngeal epithelial cell line (ie, NP69 cells) were kindly provided from Prof. Qiao Tao (Chinese University of Hong Kong, Hong Kong, China), Prof. S.-W. Tsao (University of Hong Kong), Prof. Yixin Zeng (Sun Yat-Sen University, Guangzhou, China) and Prof. Musheng Zeng (Sun Yat-sen University, Guangzhou, China). NPC cell lines and NP69 cell line were approved by the Institutional Review Board of Southern Medical University. NPC cell lines were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) in a humidified incubator with 5% CO 2 at 37°C, while NP69 cell line was maintained in keratinocyte/serum-free medium (Invitrogen).
Patients and tumor tissues
14 fresh NPC tissue specimens and 14 fresh non-cancerous nasopharyngeal epithelial tissues (NP) (ie, chronic nasopharyngitis tissues) (for qRT-PCR) were collected from the Department of Otorhinolaryngology, Head and Neck Surgery, Zhujiang Hospital, Southern Medical University, Guangzhou, China, while other 24 fresh NPC tissue specimens and 9 fresh non-cancerous nasopharyngeal epithelial tissue samples were collected from the Department of Pathology, The Second Affiliated Hospital, Guilin Medical University, Guilin, China. None of the NPC patients received preoperative radiotherapy or chemotherapy. The clinicopathologic variables and related information of NPC biopsies were collected as previously described. 9 
RNA isolation and quantitative real-time PCR (qRT-PCR)
RNA isolation and qRT-PCR were previously well described. [11] [12] [13] [14] [15] [16] Briefly, total RNA was extracted from cells or fresh tissue specimens using Trizol Reagent (TaKaRa, Dalian, China) according to the manufacturer's instruction. Then, mRNA was reversely transcribed to cDNA using the PrimeScript RT reagent Kit (TaKaRa). To evaluate the mRNA levels of a number of genes, qRT-PCR was performed on LightCycler ® 96 qRT-PCR system (Roche, Switzerland) using SYBR Premix Ex Taq (Takara). GAPDH was used as the internal control. GAPDH forward primer: 5′-ACCCAGAAGACTGTGGATGG-3′, and GAPDH reverse primer: 5′-TCTAGACGGCAGGTCAGGT C-3′; Cirbp forward primer: 5′-AGGGCTGA GTTTT GACACCAA-3′, and Cirbp reverse primer: 5′-ACAA ACCCAAATCCCCGAGAT-3′; E-cadherin forward primer: 5′-ATTTTTCCCTCGACACCCGAT-3′, and E-cadherin reverse primer: 5′-TCCCAGGCGTAGACCAAGA-3′; Ki67 forward primer: 5′-TATCAAAAGGAGCGGGGT CG-3′, and Ki67 reverse primer: 5′-TTTCATACCTTCC AAACAAGCAG-3′. All samples were normalized to internal controls and fold changes were calculated based on relative quantification (2
−△△Ct
).
Immunohistochemistry (IHC)
Histological analysis and immunohistochemical staining were performed as described previously. [11] [12] [13] [14] 17, 18 Briefly, for immunohistochemical staining, 4-µm sections of the TMA blocks were deparaffinized, rehydrated. Then the paraffin-embedded sections were subjected to high pressure for 3 mins for antigenic retrieval in sodium citrate buffer (10 mM Sodium Citrate, 0.05% Tween 20, pH 6.0) for 3 mins. 
Statistical analyses
Statistical analyses were performed using the SPSS 20.0 software package. The χ 2 test was used to analyze the association between clinicopathological characteristics and Cirbp expression. Overall survival (OS) was measured from the onset of treatment to the date of death or the survival status at the last date of follow-up. OS probabilities were estimated by the Kaplan-Meier method and the significance of differences was assessed by the log-rank test. Two-tailed Student's t-test was used for comparisons of two independent groups. The data were presented as mean ± SEM. Values are statistically significant at *P<0.05, **P<0.01 and # P<0.001.
Results
Cirbp mRNA is expressed at low levels in NPC cell lines and tissue specimens Figures 1F and 2A) , whereas Cirbp protein is mainly detected in the cell's cytoplasm in many other cancers.
Cirbp downregulation in NPC specimens was associated with aggressive and/or poor prognostic phenotypes of NPC
The relationship between Cirbp expression and a number of clinicopathologic characteristics of the patients with NPC was summarized in Table 2 . No significant association was identified between Cirbp expression and the age (P=0.781) and sex (P=0.883) of 177 NPC cases (Table 2) . However, we found that Cirbp expression level was correlated inversely with the tumor size (T classification)(P<0.001), lymph node invasion (N classification) (P<0.001), distant metastasis (M classification)(P=0.001), clinical stage (I-II versus III-IV) (P<0.001) and histological subtype (P=0.002) in 177 NPC patients (Figure 2A ,B and Table 2 ). Briefly, low expression of Cirbp was more frequently detected in T3-T4, N2-N3, M1 and III-IV NPC biopsies, and undifferentiated carcinoma (UDC) than T1-T2, N0-N1, M0 and I-II tumors, and differentiated nonkeratinizing carcinoma (DNKC) (Figure 2A ,B and Table 2 ), indicating that Cirbp loss is a key molecular event in advanced cases of NPC.
Moreover, given that Cirbp downregulation was associated with advanced NPC, we further evaluated the prognostic value of Cirbp expression for NPC patients. A negative correlation between the level of Cirbp protein expression and the overall survival of NPC patients was identified based on Kaplan-Meier analysis of the log-rank test ( Figure 3F ). Kaplan-Meier survival analysis indicated that the patients with lower levels of Cirbp expression had poorer overall survival than those with higher levels of Cirbp expression (P=0.009; Figure 3F ). Kaplan-Meier survival analysis indicated that patients who had high Cirbp expression levels had a better outcome (P=0.0089; Figure  3F ). Additionally, univariate analyses revealed that histological type, T, N and M classification, and clinical stage were associated significantly with the overall survival of NPC patients (P=0.046, P=0.020, P=0.018, P<0.001 and P=0.024, respectively; Figure 3A ,B,C, Figure 3A ,D, Figure 3A ,E and Table 3 ). Multivariate analysis was performed to identify independent prognostic factors for the patients with NPC. Multivariate Cox regression analysis indicated that age (P=0.015), histological type (P=0.000), lymph node metastasis (P=0.008), distant metastasis (P=0.000), clinical stage (P=0.008) and Cirbp expression 
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(P=0.000) were independent prognostic factors for NPC patients (Table 3) . Therefore, Cirbp downregulation in advanced cases of NPC was markedly associated with the poor prognosis of patients with NPC, whereas Cirbp expression was an independent prognostic factor for NPC patients.
Association between Cirbp expression and e-cadherin or Ki67 expression in clinical NPC specimens
We further identified the association between the expression of EMT-related marker (ie, E-cadherin) and Cirbp in 177 cases of human primary NPC tissues. Representative pictures of immunohistochemical staining in NPC tissues are shown in Figure  4A . Statistical analyses revealed a significant positive association between E-cadherin and Cirbp expression in NPC biopsies ( Figure 4B and Table 4 ). We further analyzed the expression levels of Cirbp and E-cadherin in NP69 and NPC cell lines, and qRT-PCR analysis revealed that Cirbp and E-cadherin were markedly downregulated at mRNA levels when compared with NP69 ( Figure 4C ). Summarily, Cirbp might be also associated with reduced EMT phenotype in human NPC tissues.
We further determined the association between the proliferation index Ki67 and Cirbp expression in 177 cases of human primary NPC tissues. Representative pictures of immunohistochemical staining in NPC tissues are shown in Figure 3A . Chi-square test showed a significant negative correlation between Cirbp expression and Ki67 labeling index in NPC (P<0.001) ( Figure 4B and Table 4 ). qRT-PCR analysis revealed that Cirbp and Ki67 were markedly downregulated at mRNA levels when compared with NP69 ( Figure  4D ). Briefly, NPC samples which had lower level of Cirbp expression also had a higher Ki67 labeling index, whereas NPC samples which had lower level of Cirbp expression had a higher Ki67 labeling index ( Figure 4B and Table 4 ).
Discussion
It is well known that NPC is a unique malignant head and neck cancer with a remarkably distinctive global ethnic and geographic distribution among the world. Accumulated evidence demonstrates the tumor suppressor or oncogenic functions of Cirbp in the progression of various cancers. [3] [4] [5] [6] [7] [8] In this study, we observed the significantly reduced expression of Cirbp in NPC cell lines and tissue specimens. Similarly, the decreased expression of Cirbp was observed in endometrial 19 and ovarian cancer. 20 Cirbp's initial functions as a tumor suppressor were established during hypothermic stress and DNA damage. 21, 22 The previous studies revealed that
Cirbp may function as a tumor suppressor via suppressing cell proliferation, potentially via its function in the DNA damage response. 19, 20, 23, 24 In contrast, Cirbp with capability of promoting cell proliferation is upregulated in a subgroup of patients with solid cancers, including melanoma, prostate, breast, colon, central-nervous-system-related, liver and bladder cancers, oral squamous cell carcinoma and pituitary adenoma, and functions as a proto-oncogene in the aforementioned cancers. [3] [4] [5] [6] [7] [8] [25] [26] [27] [28] More importantly, this study revealed a tendency toward lower Cirbp expression in samples from patients of clinical stages III-IV, T3-T4, N2-N3, M1 or UDC compared to those of I-II, T1-T2, N0-N1, M1 or DNKC, respectively. Furthermore, our IHC results showed that the level of Cirbp expression inversely correlated with the proliferation marker Ki67 in human NPC clinical tissue specimens, while Cirbp expression level was correlated inversely with the tumor size (T classification) in 177 NPC patients. Additionally, the high levels of Cirbp expression in human breast cancer, 29 28 are associated with a short survival rate or poor prognosis, 4,6,7 whereas we found that the low levels of Cirbp expression in NPC are associated with a short survival rate. These findings from NPC cell lines and tissue specimens strongly suggested that Cirbp might function as a tumor suppressor in the pathogenesis of NPC, which remains to be fully investigated. Cirbp is mainly localized in the nucleus, but under various stresses (ie, hypoxia and UV radiation). Cirbp protein can translocate from the nucleus to the cytoplasm, and then regulate mRNA stability by binding to the 3ʹ-UTR of stress-responsive transcripts. 3, 4, 6, 7, 8 Cirbp is downregulated in endometrial and ovarian cancers, and that most solid tumors develop hypoxic regions, and Cirbp protein translocates to the cytosol in response to hypoxia. 6, 7, 19, 20, 25, 34, 35, 37, 38 In contrast, the subcellular localization of Cirbp protein was mainly found in the nuclei of tumor cells among 177 NPC samples and nasopharyngeal epithelial cells in 61 non-cancerous NP tissue samples, whereas the faint signals of Cirbp protein were observed in the cytoplasm of NPC tissue cells and nasopharyngeal epithelial cells. More direct evidences and details about Cirbp functions in NPC cell nuclei need to be further revealed. Multiple high-throughput screening methods revealed that a panel of adhesion molecules, including αE-and β-catenin, C-and E-cadherin and paraxial proto-cadherin, has been identified as the targets of Cirbp in Xenopus. 39, 40 Our results showed a significant positive association between Ecadherin and Cirbp expression in NPC biopsies. These results suggest broad targets and multiple roles of Cirbp in NPC progression (ie, EMT, invasion and metastasis), which remains to be fully examined.
Conclusion
In summary, the present study demonstrates that the expression levels of Cirbp are significantly decreased in NPC cell lines and tissue specimens, and the loss of Cirbp expression is closely correlated with malignant progression and poor prognosis in NPC. Additionally, further functional studies will be required to fully dissect the roles of Cirbp in NPC progression and underlying mechanisms.
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